We present possible radio evidence of magnetic reconnection in a solar are { an LDE event of GOES class M3.2 that was observeed on 1999 February 16 on the disk. Our eveidence is based upon the facts that we observed a bright microwave source { blob at 17 and 34 GHz near the intersection of two seemingly intersecting aring loops or as a loop-top source above one aring loop. The bright microwave source was clearly non-thermal and its time pro le was similar to those of the aring footpoint microwave sources; and in the late decay phase of the event the microwave source structure was similar to that of the corresponding SXR source.
Introduction
Magnetic reconnection has always played a key role in solar are models since the early days (Parker 1957; Sweet 1958; Petschek 1964) . Speci cally it has been proposed that magnetic reconnection in current sheets is the primary energy source in solar ares. However, providing direct evidence of reconnecting current sheets is not easy and most observations in the past in any spectral domain have been necessarily interpretative. The role of magnetic reconnection in solar ares received a well-deserved revival over the past several years from Yohkoh/SXT & HXT observations. In particular, the works of Tsuneta et al. (1992) and Tsuneta (1996) on the observational side and the theoretical studies by Shibata (1996) and Shibata et al. (1995) are noteworthy. According to them, magnetic reconnection at a neutral sheet located at the top of a aring loop is responsible for energy release in at least some ares. The initial analysis by Tsuneta et al. (1992) of an LDE are that occurred on Feb 21, 1992 led them to believe that magnetic reconnection occurs around the top of the aring loop. For their conclusions they depended upon several crucial evidence: 1) The loop-top region has a cusp-shaped structure, implying the location of a reconnection site at the top of the aring loop.
2) The height of soft X-ray aring loop and foot point separation increase with increasing time, with a speed of order 10 km sec ?1 . They interpreted this rise speed as due to the rise of the X-point location along the neutral sheet as reconnection progresses. 3) They also provided further evidence that outer aring loops have higher temperatures in the decay phase because of being reconnected later than the inner aring loop { consistent with are energy being supplied from reconnection process near the top of the aring loop. Further indirect evidence of magnetic reconnection in current sheets is provided by spectral line observations in the soft X-ray domain of fast plasma out ows with velocities up to about 200 km sec ?1 (Antonucci et al., 1996; McKenzie and Hudson 1999) . In the hard X-ray domain, using the HXT imaging data, Masuda et al. (1994) discovered that in some impulsive limb ares, a loop top HXR source appeared well above the SXR bright loop during the impulsive phase. This was interpreted by Shibata et al. (1995) as resulting from magnetic reconnection occurring above the loop { a high-speed jet is created through magnetic reconnection, which collides with the loop top, producing a fast shock, super-hot plasma and/or high-energy electrons emitting hard Xrays. This example illustrates that magnetic reconnection could occur during the impulsive phase as well as in the decay phase of LDE ares.
In the radio domain, providing evidence of magnetic reconnection, however indirect, is extremely di cult because of relatively poor spatial resolution of radio telescopes compared with X-ray telescopes. Further in the radio domain, it is not possible to measure velocities of plasma ows by means of spectral lines; one has to depend upon geometrical/morphological features of aring structures. However in the microwave radio domain, reliable measurements of magnetic polarities are possible and thus aring loops can be identi ed rather easily (especially when there is polarized footpoint emission). In the past, Kundu et al. (1982) and Kundu (1985) reported 6 cm (5 GHz) observations of a are using the VLA with a spatial resolution of 2 00 ; they presented total intensity (I) and polarization (V ) maps which could be interpreted only as due to possible magnetic reconnection resulting from interaction of an emerging ux region with the overlying magnetic structure. In particular they showed evidence of a quadrupole structure (two oppositely polarized twisted ux tubes in close proximity to each other) at the peak of an impulsive are, suggestive of such a structure in a speci c are model (Gold and Hoyle 1960) . However, one has to recognize that the VLA is not a dedicated solar radio telescope and no matter how good the spatial resolution is, one has to be fortunate to come across aring structures, suggestive of reconnection process. By contrast, the Nobeyama Radio Heliograph (NoRH) is a dedicated microwave telescope, operating at 17 and 34 GHz, with which it is possible to search more eciently for microwave signatures of magnetic reconnection in solar ares. However there are some constraints that one has to remember, namely that the spatial resolution of NoRH is > 10 00 at 17 GHz and > 5 00 at 34 GHz, and so the aring structures have to be relatively large so that one can detect microwave signatures of magnetic reconnection in a are. In this paper we present possible microwave signature of magnetic reconnection in a solar are. The are in question was observed on 1999 Feb 16; it was an LDE are. Note that many LDE ares have been discussed in the X-ray domain in the context of magnetic reconnection.
Observations
A long duration event (LDE) of GOES class M 3.2 that occurred on February 16, 1999 in active region NOAA 8458 was observed by the Nobeyama Radio Heliograph (NoRH) at 17 and 34 GHz as well as by the Nobeyama polarimeters at 1, 2, 3.75, 9.4, 17 and 35 GHz. It was a disk event, located at S25 W17. According to GOES soft X-ray data, the event started at 02:45 UT and has a total duration of more than three hours. The initial part of the event, including the main impulsive peak, was not observed by Yohkoh/SXT and HXT, because of Yohkoh night time. However, after it came back from night, Yohkoh observed the event during the late decay phase from 03:19 UT. CGRO/BATSE has recorded hard X-ray emission of almost the entire are except for the interval from 02:55 to 02:57 UT.
The event was observed by NoRH from about 02:50 UT. We produced images at both frequencies during the main impulsive phase, other smaller peaks, and during the decay phase at the rate of one map every 20 s { from 02:50 to 04:16 UT. Additionally, we mapped the ne time structured initial phase from 02:52:00 to 02:55:00 every 5 s. The time pro les of the event in both total intensity (I), and polarization (V ) at 17 GHz and in I only at 34 GHz (polarization is not measured by NoRH at 34 GHz) are shown in Fig. 1 . Also shown in Figure 1 are the correlation plots 1 at 17 and 34 GHz as well as the total ux at 17 and 34 GHz of a small area ( 10 00 10 00 ) at the intersection of two aring loops (this area is indicated by a cross in the 03:05:21 UT image of Fig. 1 ). Both the impulsive peak at 02:58 UT and the smaller peak at about 03:05:30 UT are moderately ( 16%) polarized. The correlation plot at 17 GHz shows spiky structures between 02:52:30 and 02:54:00, which are suggestive of non-thermal processes.
1 Combination of responses from the longest baselines of the radio interferometer These spiky structures also appear in the 17 GHz time pro le of the intersection region. Figure 2 shows four 1-s images (I & V at 17 GHz and I at 34 GHz) at selected times (indicated by lled circles in the 17 GHz V -plot of Fig. 1 ) during the rise phase, near the main peak, at the decline of the impulsive phase of the event at both 17 and 34 GHz, and at the smaller peak at 03:05:21 UT, which is superposed on the decay phase of the event. In Figure 2 we also put contours of polarization on both 17 GHz I -and V -maps. Figure 3 shows a set of total intensity images at 17 and 34 GHz along with the available SXT images (from 03:19 to 04:16 UT) at selected times. Also shown in Fig. 3 This set of images shows several features: 1) The bright intersection point or the loop-top microwave source shows a movement of order 10 km sec ?1 ; 2) One can see a great deal of similarity between the 17 GHz Imap and the SXT image. In particular, the brightest microwave source { blob at a loop-top or near the intersection of two dominant aring loops matches rather well with the brightest feature at a loop-top in the set of soft X-ray emitting loops in the late phase of the event.
3) The combination of I -and V -maps at both 17 and 34 GHz suggests to us that the bright microwave source-blob is not at the footpoint of a aring loop. 4) From the relation between brightness temperatures of the brightest loop-top blob and close arches we conclude that the brightness of the blob is not consistent with the possible explanation by a superposition of two crossing loops. 5) In general, there is good correspondence between the microwave images and the SXT images in the late phase of the event, suggesting that microwave emission probably results from the soft X-ray emitting thermal plasma.
Discussion and Concluding Remarks
Several phases can be distinguished in the course of the are according to microwave time pro les: (1) an initial phase, when an impulsive peak was recorded at 17 GHz at 02:53 UT; (2) the main impulsive phase, when we see the impulsive gyrosynchrotron emission from the footpoint region and broader impulsive emission from the loop-top region where we seem to deal with emission from trapped electrons. Note that the peak emission times are the same in both footpoint and loop top regions (see Fig. 1 ). (3) Several non-thermal bursts were observed superposed on the late gradual decay phase when we clearly observe thermal free-free emission from the entire set of loops. The latter is evidenced by the fact that the structure of the source in microwaves agrees well with that observed in soft Xrays, as shown in Fig. 3 (of course, taking into account the di erences in spatial resolution, 15 00 versus 2:5 00 ). This thermal origin of late-phase emission is con rmed independently from a comparison of 17 and 34 GHz ux values. Note also that of the non-thermal bursts superposed on the decay phase, one burst is particularly important, namely the one at 03:05:21 UT. It is accompanied by hard X-rays of energy > 300 keV. Detailed analysis shows that this emission comes from a footpoint of one aring loop. Prolonged acceleration processes late in the decay phase of an LDE are was observed also by Altyntsev et al. (1999) .
The impulsive peak that occurred in the initial phase at 02:53 UT (see Fig. 1 bottom panel) originated from a point close to the point of intersection of the microwave aring loops involved. From temperature light curve derived from GOES data we know that an impulsive heating occurred at about 02:52{02:54 UT. From CGRO/BATSE records, we also know that electrons with energies of up to at least 100 keV contributed to hard X-ray emission during this peak. Electrons with energies of > 300 keV contributed to the main phase emission at 02:58 UT and at 03:05 UT. Fine time structures recorded by NoRH support the view that nonthermal processes occurred in the initial phase in this region. So both thermal and non-thermal aring processes occurred in this region and we suggest the possibility that this bright loop-top source which seems to be located near the intersection of microwave loops may be a site of energy release via magnetic reconnection process. It is not entirely a region of emission from trapped electrons in the main phase or bremsstrahlung in the decay phase (which we see in soft X-rays in the late phase of the are). The identi cation of this bright blob which seems to be at the intersection of two aring loops with a possible reconnection site seems to be consistent with its movement with a speed of order 10 km sec ?1 , which one expects from the rising motion of the inner X-point of reconnection (Tsuneta et al., 1992) .
The reason we believe that we are dealing with a possible signature of magnetic reconnection is that the aring structure seems to consist of at least two intersecting aring loops and at the intersection point or slightly above it, there is a bright blob, resembling the HXR loop-top source, sometimes observed in ares (see Masuda et al. 1994 ). So, two scenarios are possible: bright microwave emission at the intersection of two seemingly intersecting aring loops or a loop-top compact bright source like the HXR loop-top source.
This are con guration hardly ts completely the \CSHFKP" standard model, because some features do not seem to be compatible with this model. Namely, 1) the intersection point was a locus of both thermal and ne time structured impulsive non-thermal processes in the rising phase of the are, with 2) non-thermal microwave sources were associated with two brightest loops and were compact unlike widely distributed H ribbons, suggesting that acceleration processes related to an interaction between those loops; 3) time pro les at loop-top and footpoint sources are di erent.
